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SYNOPSIS. 

The squall and steering linea of cvdonea constitute. when considered 
tagether, a line of discontinuity north of which the air is characterized 
by low temperature, high vbibility, dryneas. and mOtiOi1 from 
and north. South of the line the opposite of these characteristics is 
is the nile. The line of discontinuity. which can be traced for great 
dbtanrea, and. if  obaervatione were available, could probably he traced 
around the entire Northern Hemisphere, ha8 been called the polar- 
f ront  line, and may be regarded as the meeting place of polar and equs- 
torial air. 

warm or cold air are separated from t.he parent masses. These loo s 
and their results are somewhat dependent upon the latitude of tEe 
poler-front line. Such cutting off of air maw- represents t.he forma- 
tion of HIQHS and LOWS. 

The weather of the Northern Heminphere is the result of the advance 
and receesion of the polar-front line. When the warm air extends 
farther north than m a l ,  there is a tendency for an accumulation of 
cold air north of the line. When the preseure from this accumulation 
becomes sufficiently great, the cold air breaks through and flows south- 
ward, causing a change of the t e of weather. Thus,the polar-front 
line is of great importance in%recasting, and, as observationsare 
extended around the earth, it mayassist in longrange forecasting.- c. I;. M. 

In Norway it has been tried from the ear 1918 to base 

close network of meteorolo ical stations. The study of 

the rear border, behind this point, has a uniform con- 
cave curvature. Along the front border warm ah from 
the tongue ascends the barrier formed by the cold 
In re tun  this cold air flows round the tongue in order to 

enetrate b e h ’  the warm air along the rem border- 
f’hereby two bands of rain are formed, a broad one in 
front of the tongue, where the warm air s ontaneowly 
climbs the cold, and a naITow one, ener afl the 

Loops occasionally form in this line, with t,he result that masses of ’ squall line, along the rear border, w ere the a d v m c e  
cold air violently lifts. the W&FII~ air of the tongue? 

It has been found by use of the detded maps, that 
the line of discontinuity even outglde the 

fl 

/ 

the forecasts of the weather on the app i! ication of a very 

VWIJ detm 7 .ed synoptic charts has led to 

and T. Bergeron, who have % een 

bot r verikations and further deve 7 opments of ideas, 

for the large-scale meteorology. 
to the three young meteorolo ists 

and who will return to the sub- 
ject in detailed papers. 

-4 very short summary of some of the main results will 
be ‘ven here. They will be seen to ive to some extent, 

e of a line of dis- 

has h t  been stated to exist in 
every cyclone, which is not perfect17 stationary. It cyclone, from the one cyclone to the other: They 
here borders a tongue of warm air, whch from an east- follow along a common line of discontinuity 
bound current enetrates into a westbound current of just as pearls on a string. 
cold air (fig. IT. The whole system propagates with When one has ot acquainted with all the s i p s ,  the 
the eastbound current, and the cyclonic center with the direct and the infirect ones, which are seen to indicate 
lowest pressme is in the region where the cyclonic the position of a line of discontinuity on the very detailed 
track touches the border of the tongue. The front maps, it proves ossible to discover them even on less 
border, before this point, is curved like a reversed S, detailed ma 5. h p r e  2 shows roughly the  COW^ of 

- - ~  such a line, gecember 31, 1906, as it may be drawn u on 
1 F’nbllsbed also in Nature (London June 24 lra0, p 532524 the Hoffmeyer maps of the Atlantic Ocean for that ay. Des oesetz der s t m e .  herte Abeage, Serlin ia3.  ErlrnLllr: titm 

atmollphlirische Bewe berichte der h. Preuss: Akad. der Wtosensehaf- 
ten 1888 M e t e o m I o ~ ~ ~ & ~  1sSS Blillouln: Vents Contigus e t  Nuages 
Annales’du Bureau Central Meteorolo is&, 18%. Margulea: Enwgie der Strlime: 
Jahrbuch der K. K. Centralanstalt flir &teorolode. lW, Anhang. 

Fto. 1.4ycIone. 
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I W .  N. Shaw: Forecasting Weather, p. 212. London, 1911. J .  Bjerknca: On the 
8tNCtUre of Yovh Cyclones. GeofysUe Publikationer, Krhtimia, 1919; and YO. 
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When similar charta are drawn from day to day, as 
accurately as c+cumt,ances allow, a series of lmge-scale 
results very dmtmctly present themselves. 

Thou h we have been able to draw the line only half 
round &e pole, there can be no doubt that it surrounds 
the polar re 'om as a closed circuit. On the northern 
aide of this f n e  all signs indicate air of olar origin: It 

ness, distinguishes itself by great visibility, and has a 
prevailing motion from east and north. On the southern 
side of the line, the tropical origin of the air is recognized 
by the corresponding s@m; its generally hi her temper- 

doubt concerning the on@ of the Line. Heavy cold 
air flows out along the ground from the polar reaions. 
It is separated from the overlying warmer air hby a 
surface of discontinuity, the height of which above the 
ground decreases very slowly until it cuts the ground 
along our line of discontinuity. Thus this line shows 

has a low temperature for the latitude, s f ows great dry- 

ature, its greater humiht , its haziness, an 2 its prevail- 
ing motion from west an 2 south. There can then be no 

from the scarce observations: these are the pl&m of the 
eat. storms and the low barometric pressure. The 

goad  tongues of polar air, on the other hand, bring the 
clearin up between tahe successive storms ahd the cor- 

fwo espanzing tongues of cold air may occasionally 
cut off from its base an interjacent tongue of warm air. 
Then the st,orm at t,he po1a.r end is no more su plied by 
warm air, and it will soon lose its ower: tfis is the 
death of N, cyclone. A tongue of PO s ar air, which has 
estended its& too much toward the Tropics, may be cut 
off in a similar way. Or, as the consequence of a new 
outbreak of polar air, R more retired front may be 
formed behind R too-far-advanced one. In  this way 
reat isolated isles of polar air are formed on lower 

ktitudes; tlis gives the formation of the great anti- 
cyclones, which generally are known to bnng steady 
good went,her. 

as 
the cyclones die. Cyclone and anticyclone an2 all 

res on $ ing lieher barometric pressure. 

Thus the anticyclones are born in a similar wa 

FIO. !&--Front of polar air Dec. S1,1908. The rainstorm which Ls occurring near the Great Lakes arrired at the coast of N o m y  011 
Jan. 5,1907. 

how far  the cold air has succeeded in penetrating, it is a 
kind of polarfionMne. 

Along the whole of this front-line, we have the condi- 
tions, especially the contrasts, from which atmospheric 
events originate: the strongest winds, the most violent 
shifts of wind, and the greatest contrasts in tempera- 
ture and humidity. Along the whole of the line forma- 
tion of fog, clouds and precipitation is going on, fog 
prevailing where the line is stationary, clouds and pre- 
ci itation where it is moving. 

h e  line has a wavy form, and is in a continuous un- 
dulating motion, thereby sweeping over the whole of 
that zone which is called the temperate. The wavy 
form comes from alternately cold and warm tongues of 
air, which extend themselves toward E uator or pole. 

east, while the line, at the same time, changes its form, 
especial1 when great masses of accumulated cold air 
are exp&ed from the central polar regions. Tho more 
wavy the form of the line, the more tempestuous and 
variable is the weather. At the northern ends of the 
warm tongues, the air motion which characterizes the 
cyclones is reco ized, and the corres onding areas of 

This whole system is propagatiiig from B t e west to the 

rain are seen so !? ar as it haa been possi .f le to mark them 

meteorological events of the Temperate Zone are in the 
most intimate way related to the polar front and its 
motion. 

This espulsion of great masses of polar air, which 
leads to the formation of anticyclones, also enters as an 
essential element into the great atmospheric circulation. 
There is n practically continuous flow of warm air alon 

the polar regions. This flow concentrates itself in the 
warm ton ues and continues into the polar regions in 

reaches lower levels. Thus increasing masse8 of cooled 
air are accumulated behind the polar front. This must 
continuously advance with the effect that the tracks of 
the corresponding cyclones are always moved farther 
toward the south. Finally, at tvhe place of the smallest 
resistance, reat masses of cold air break through and 
are espelle d in the direction of the Tropics. 
front performs a corres onding retreat, the cyconic 
tracks are a ain displacecfto the north, and the type of 

again. This intermittent form of the great atmospheric 
circulation is especially pronounced in the winter. 
During the summer, the polar front is far retired, and 

the ground from the IIIGHB of the subtropic calms tow ai! 

upper leve 9 s. Here the air is cooled, and by and by 

The YO1" 

weather is c 5l anged. Then the same play begins over 
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the high temperature of the continents exert a consider- 
able influence. Then occasional1 a continuous return 

the continents and leading direct into the trade winds. 
These results can not fail to exert a considerable 

influence upon the methods of weather forecasting. All 
meteorological events of the Temperate Zone, great and 
small, derive from the described great atmospheric 
circulation, as we know i t  from the motions of the polar 
front. If we succeed in watching it effectively, it should 
be possible to give the short-ran e forecasts a hitherto 
unattained accuracy. And it sfould be possible to 
complete them by long-range forecasts giving the general 
character of the weather perhaps for weeks ahead. 
And these two kinds of forecasts could be extended to 
all regions of the Temperate Zone, to oceans as well as 
to continents. The required survey of the polar front 
is merely a question of organization. 

of polar air may be established a ;Y ong the west coast of 

5-s//, 5254 (pa- 
PROPAQATION OF COLD AIR ON THE SURFACE OF THE 

EARTH.‘ 
By F. M. EINER. 

[Reprinted from S c h m  Abstmts,  Sect. A, Sapt. 30,1920, ill37 ] 

The general problem for solution is: Given a mass of 
dense aw of known form and state of motion, covering 
a small region of the earth’s surface, and bounded above 
and around by less dense air also in known state of 
motion, to determine the subsequent movement and 
changes of form of the dense air. The problem is solved 
for some particular cases in two dimensions, by the 
hydrodynamical methods ap licable to waves at the 

results sought are mainl qualitative. The dense air 

cross-section and infinite length. If both fluids are 
originally at rest, and friction and the earth’s rotation 
are n lected, then the ridge breaks up into two of equal 

op osite directions erpendicular to their length wi&’; 

of absolute temperature between the cold and wafm air. 
As the ridges move a art the warm air flows in and 

Introducing friction, the ridges separate as before, but 
decrease in height as they advance, the s ace between 

too, the rear o B each advancing ridge is higher than the 
front. On a rotating earth without friction the ccld 
ridge, supposed streamin in the direction of its len th, 

the direction of streaming (Northern Hemisphere) 
increases in height, while the other decreases. The 
velocity of pro tlgation is now greater than. before, and 

air above is streaming at right angles to the rid es, it has 

may, if strong enoug, reverse its motion and make it 
slowly follow the other, which has its velocity of pro 

nations of these. A com arison is made wlth observa- 

North America. The author finds in this work an 
explanation of the phenomena exhibited on these OCCG 
sions, and in particular of the observed fact that when 

surface between two fluids o P unequal density, but the 

is taken initially in the H orm of a ridge of rectangular 

breadt T and half the height of the onghal, travelin 

ve f ocity proportion3 to the square root of the difference 

covers the region of t f e earth’s surface between them. 

them remainin covered with cold air. H n this case, 

breaks up as before, but t 5 e ridge traveling to the le B t of 

the front of eac K ndge higher than the rear. If the warm 

the effect of checkin the advance of one of t a em, and 

gation increased. Other cases are obtained as com 73 i- 

tions on the spreading o P cold waves ovcr Europe and 

~~ 

1 Akad. Wh., Vienna, vol. IS, ’28,1918, pp. 796-847. 

cold air breaks through from the polar re ions it fh t  
seeks to s read W. or SW., then S., SE., 6, and often 
finally NE!-M. A .  G. 

S/. S540 U2Y) 
THE ENERGY OF CYCLONES. 

In several issues of Nutwe (London) late in 1920 there 
has appeared a runnin discussion of the source of the 
energy of cyclones. Taere is presented such a concise 
nontechnica.1 sunimary of the present ideas of British 
nieteorologists on this intiicate sub’ect that extensive 
quotations are reprinted here. The discussion was 
started by adverse crit,icism of Margules’s theory by 
R. M. Dieley. In  an obituary of Dr. Mkx Margules, 
published in Na.t.twa (London) October 28, 1920, pp. 
386-287,l E. Gold gives the following abort smmaq): of 
Dr. Margules’s disc.ussion of the energy of storms: 

Margules contributed to the Year Book of the Meterological Institute 
of Vienna for 1903 a comprehensive discussion of the energy of starma. 
He showed that the atmospheric henomena associated with storma 
would arise i f  two masses of air of digrent temperatures were in juxta 
sition. The situation would be unstable, and in pasing from 
unstable situation to a stable one the potential ene 
r t  of it being converted into the kinetic e n e y  of%?z:g‘?&?; 

his paper contains the germ of the theory o s ualls, of the develop- 
ment of cyclones, of polar fronts, and so forth. It concludes comp~ta- 
tions of the horizontal kelocities which would result from vmou8 
distributions i f  reeaure and temperature. and show that actual 
distrib tiona woufd lead to velocities of 50 miles an hour. Margulw 
summed up his conclusions in the sentence: “So far aa I can me, the 
source of storms is to be sought only in the potential energy of position.” 

Mr. Deeley, in a letter to Nutwe (Nov. 11 issue, p. 345), 
criticises many of Margules’ points, and concludes with 
the following sentence: 

The facta Beem to point to the stratosphere aa being the main source 
of energy of storms and trade winds. 

To this Lieut. Col. Gold replies (ibid.) : 
Dr. Margules wrote hia pa er mainl in connection with phenomena 

of the line-squall type, but {e realizd that it mi ht have wider appli- 
cations, and later investigations do indicate &at dimtanmty of 
temperature is the prime factor in the “birth” of cyclones. If one 
had an atmosphere with uniform presaure at, sea level, but with mae~ee 
of warm and cold air, then at 9 kilometer preseure would n e c d l y  
be low in the mass of cold air, and a cyclomc circulation would ensue; 
but the enrgy of motion would be derived from the potential energy 
of the initial state. 

Differences of temperature originate in the lower atmosphere. The 
atratusphere may be able to draw upon a source of energy of which we 
are ignorant; it can not of itself provide the energy of stanm. 

In the next issue of Nature (Nov. 18, p 
W. H. Dines presents the following further 8.’ mcuasion: 375T376)1 

It does not seem to me as though any really satisfactory theory hae 
yet been put forward to explaln the genesis and mruntenance of 
cyclones; I fully agree with Mr. Deeley (Nov. 11, p. 345) that they are 
not due to contiguous maaaes of air at different temperaturea but, on 
the-other hand, J do not see how they can originate in an inert’and a b l e  
r on like the stratosphere. 
%ere storms produced ‘by contrasts of tkmperatur-r in  pther 

words, by the so-called polar frontsurely they would be most mlent  
where the contraat was most marked. The stormiest garb of the world 
are the great belt of the soutliern.ocesn from 40° to 60 8. latitqdb, and 
tha$ part of the Atlantic which lies northweat of Scotland, and neither 
of theae regions shows any exceptionally steep gradient of tempyature. 

Observations in the upper air have shown a remarkable unhrmity 
in the mean temperature (mean m t h  re ard to height) .hm 0 to 9 
kilometera in every place where they iave been obtxuned, and it 
followa as a corolla that there is a very uniform ressure at  20 kilo- 
meters height over x e  globe, for the pressure at 20 $lometers is almoat 
independent of the surface pressure. Observations over Europe, the 
only part of the world where they are numerous enough for the purpone, 
have ala0 shown a most extmodhafily close correlation between the 
temperature and pressure of the an in the upper part of the troposphere, 

1 Abstract published in dfo. W&cr Rev., 0% lSao,48:801. 


